Introduction
============

Several new-generation antidepressants have been introduced over the past 20 years to overcome the disadvantages of the first-generation antidepressants, such as tricyclic and tetracyclic antidepressants, and to enhance therapy. Mirtazapine, a new-generation antidepressant, is classified as a noradrenergic and specific serotonergic antidepressant. The antidepressant effect of mirtazapine is believed to be mediated by its combined noradrenergic and serotonergic effects. It enhances both noradrenergic and serotonergic transmission via blockade of α2-adrenergic autoreceptors and heteroreceptors.[@b1-ndt-12-2533],[@b2-ndt-12-2533] Some meta-analyses reported that the onset of action of mirtazapine may be faster than that of selective serotonin reuptake inhibitors (SSRIs),[@b3-ndt-12-2533]--[@b5-ndt-12-2533] and mirtazapine has thus become widely prescribed as the initial treatment for major depressive disorders (MDDs). Approximately two-thirds of patients receiving initial antidepressant therapy do not achieve remission,[@b6-ndt-12-2533] and clinical predictors of the efficacy of mirtazapine monotherapy for MDD have not been well studied. Moreover, a recent study reported that early improvements in insight, early-morning awakening, and general somatic symptoms as well as overall depressive symptoms were associated with remission in patients with MDD receiving mirtazapine;[@b7-ndt-12-2533] however, pretreatment depressive symptoms were not evaluated.

Mirtazapine also acts as an antagonist at postsynaptic 5-hydroxytryptamine (5-HT)~2~ and 5-HT~3~ receptors, which is believed to contribute to its both therapeutic effects and tolerability, and the 5-HT~2~ blocking effect benefits sleep.[@b8-ndt-12-2533] Mirtazapine also blocks histamine receptors, which may contribute to its sedative effects. Somnolence is one of the most common side effects of mirtazapine,[@b9-ndt-12-2533] and oversedation increases the risk of fall, especially in the elderly. Moreover, an increased risk of suicidality, especially in the young population, is a side effect of all antidepressants.[@b10-ndt-12-2533] We earlier reported the incidence of neuropsychiatry symptoms emerging after the introduction of antidepressants referred to together as "jitteriness/anxiety syndrome",[@b11-ndt-12-2533] but the incidence of this syndrome in association with mirtazapine has not been fully investigated.

In this article, we retrospectively investigated the efficacy of mirtazapine for MDD to determine the clinical predictors of its efficacy and also examined the discontinuation rates due to adverse effects of oversedation and jitteriness/anxiety syndrome to evaluate tolerability.

Patients and methods
====================

Study design
------------

In this retrospective study, the subjects comprised the patients with depression who received mirtazapine as an initial antidepressant monotherapy for the depressive episode at the Department of Psychiatry of the Tokyo Women's Medical University Hospital from September 2009 to March 2013. Eligible patients met the *Text Revision of the Diagnostic and Statistical Manual of Mental Disorders IV* criteria for MDD. Patients who had taken other antidepressants, antipsychotics, and mood stabilizers combined with mirtazapine were excluded, and patients with concomitant use of benzodiazepine were included in the subjects. All data were extracted from the patients' medical records, that is, all depressive symptoms simply relied on notations in the records which indicated the presence of them. The treatment efficacy of mirtazapine monotherapy was evaluated based on the Clinical Global Impression Improvement (CGI-I) score at least 1 week after initiating mirtazapine treatment. Subjects maintaining steady states with a CGI-I score of 1 (very much improved) or 2 (much improved) for more than 4 weeks were defined as the remission group, and those who dropped out within 4 weeks after achieving the CGI-I score of 1 or 2 were excluded from the analysis because we could not define their remission. On the other hand, subjects with scores ranging from 3 (minimally improved) to 7 (very much worse) were defined as the nonremission group, which included the subjects discontinued mirtazapine before achieving CGI-I score of 1 or 2 due to the adverse effects. We compared the two groups with regard to demographic variables (age and sex), clinical variables (onset age, number of recurrent major depressive episodes, family history, and severity), pharmacologic variables (duration of mirtazapine monotherapy and dose of mirtazapine), and depressive symptoms (somatic symptoms, appetite loss, insomnia, feelings of guilt, suicidal ideation, psychotic symptoms, anxiety, psychomotor retardation, and agitation). Illness severity was evaluated based on the CGI Severity (CGI-S) score at the initiation of mirtazapine administration: subjects with scores of 2 (borderline mentally ill) or 3 (mildly ill) were classified into the mild group, subjects with scores of 4 (moderately ill) or 5 (markedly ill) were classified into the moderate group, and subjects with scores of 6 (severely ill) or 7 (among the most extremely ill) were classified into the severe group. None of the subjects scored 1 (normal, not at all ill).

We also evaluated the discontinuation rates due to adverse effects of oversedation and jitteriness/anxiety syndrome. Mirtazapine-induced jitteriness/anxiety syndrome was defined according to our earlier study, that is, patients who experienced any of ten symptoms (anxiety, agitation, panic attacks, insomnia, irritability, hostility, aggressiveness, impulsivity, akathisia, hypomania, and mania) during the first month after initiating mirtazapine administration were classified as having jitteriness/anxiety syndrome.[@b11-ndt-12-2533] As confounding factors of these adverse effects, we examined demographic variables (age and sex) and pharmacologic variables (dose of mirtazapine and combined use of benzodiazepine).

In the current study, the patients discontinued mirtazapine before achieving remission due to the adverse effects were included in the nonremission group to determine the clinical predictors of the efficacy, because it is impossible to predict the adverse effects of mirtazapine and exclude these patients before the treatment in clinical practice.

We informed the patients about the study using bulletin board posting and obtained oral agreement. The study was conducted in accordance with the Declaration of Helsinki as revised in 1989, and the ethics committee of the Department of Psychiatry of the Tokyo Women's Medical University Hospital approved the study. The ethics committee waived the requirement for written consent, as the study was retrospective.

Statistical analyses
--------------------

A chi-square test or Fisher's exact test for categorical variables and a *t*-test for continuous variables were performed to compare differences between the two groups. Multiple logistic regression analysis was performed between the two groups as a dependent variable selected the independent variables for the model using the stepwise method based on Akaike's information criterion[@b12-ndt-12-2533] using JMP statistical software (Version 11; SAS Institute Inc., Cary, NC, USA). A *P*-value of \<0.05 was considered statistically significant.

Results
=======

Mirtazapine monotherapy was performed in 72 depressive patients; however, four patients were excluded from the study because they dropped out before the definition of remission. Among the subjects comprised the remaining 68 patients, 25 were classified into the remission group and 43 were classified into the nonremission group ([Figure 1](#f1-ndt-12-2533){ref-type="fig"} and [Table 1](#t1-ndt-12-2533){ref-type="table"}), that is, the efficacy rate of mirtazapine monotherapy was 36.8% (25/68). There were no differences in the demographic and clinical variables between the two groups. There was a significant difference of the duration of mirtazapine monotherapy by the time of the definition of the treatment efficacy between the remission (10.2±6.3 weeks) and nonremission groups (4.8±6.6 weeks), because the patients discontinued mirtazapine due to the adverse effects were included in the nonremission group (*P*=0.002; [Table 1](#t1-ndt-12-2533){ref-type="table"}). The mean final dose in the remission and nonremission groups was 27.6±13.5 mg and 26.0±14.1 mg, respectively, and there was no significant difference between them (*P*=0.642; [Table 1](#t1-ndt-12-2533){ref-type="table"}). Among the depressive symptoms, mirtazapine monotherapy tended to be more effective for depressive patients with psychomotor retardation (*P*=0.065; [Table 1](#t1-ndt-12-2533){ref-type="table"}), and patients without feelings of guilt responded significantly better to mirtazapine monotherapy than those with feelings of guilt (*P*=0.029; [Table 1](#t1-ndt-12-2533){ref-type="table"}). In multiple logistic regression analysis, feelings of guilt, psychomotor retardation, and severity of depression were selected as independent variables from the other variables, using the minimum Akaike's information criterion by the stepwise method. Feelings of guilt (odds ratio \[OR\] =0.15; 95% CI \[1.66--37.24\], *P*=0.006) and psychomotor retardation (OR =4.30; 95% CI \[1.30--16.60\], *P*=0.016) were significantly related to the efficacy of mirtazapine monotherapy ([Table 2](#t2-ndt-12-2533){ref-type="table"}).

Regarding adverse effects, the discontinuation rates due to oversedation and jitteriness/anxiety syndrome were 13.2% and 11.8%, respectively ([Figure 1](#f1-ndt-12-2533){ref-type="fig"}). Age (*P*=0.078 and *P*=0.579, respectively), sex (*P*=0.280 and *P*=1.000, respectively), and the combined use of benzodiazepine (*P*=0.156 and *P*=1.000, respectively) did not significantly differ between patients with and without oversedation or jitteriness/anxiety syndrome. There was no significant difference in the mean final dose of mirtazapine between patients with and without jitteriness/anxiety syndrome (*P*=0.121), but the mean final dose of mirtazapine was significantly lower in the patients with oversedation than in those without oversedation (14.2±7.0 and 28.5±13.6, respectively, *P*=0.0005; [Table 3](#t3-ndt-12-2533){ref-type="table"}). In the remission group, jitteriness/anxiety syndrome occurred in one patient; however, no one discontinued mirtazapine due to the adverse effects.

In the comparison between the remission and nonremission groups without the patients discontinuing mirtazapine monotherapy due to adverse effects, feelings of guilt remained significant in the multiple logistic regression analysis (*P*=0.011, data not shown).

Discussion
==========

In the current study, the efficacy of mirtazapine was 36.8%, which is consistent with findings in earlier studies.[@b3-ndt-12-2533],[@b13-ndt-12-2533],[@b14-ndt-12-2533] There was no significant sex difference of mirtazapine efficacy (efficacy rate in male: 36.7%, female: 36.8%), as well as the recent study.[@b7-ndt-12-2533] Our findings suggest that the absence of feelings of guilt and the presence of psychomotor retardation are predictive of the treatment efficacy of mirtazapine. Both feelings of guilt and psychomotor retardation are characteristics of melancholia, but one may be considered a negative predictor, and the other a positive predictor, of mirtazapine monotherapy. Earlier studies reported that serotonin-norepinephrine reuptake inhibitors are highly effective for depressive patients with psychomotor retardation,[@b15-ndt-12-2533] whereas psychomotor retardation predicts a negative response to SSRIs.[@b16-ndt-12-2533] Furthermore, Martinot et al[@b17-ndt-12-2533] reported that dopamine hypofunction is related to depressive patients with psychomotor retardation. Mirtazapine, which enhances both noradrenergic and serotonergic transmission, was effective for depressive patients with psychomotor retardation in the current study, suggesting that actions on both monoamine systems are important for treating depressive patients with psychomotor retardation. Feelings of guilt were a negative predictor of mirtazapine monotherapy in the current study, and Gerra et al[@b18-ndt-12-2533] reported that patients with high negative affectivity, including guilt and anxiety, respond preferentially to antidepressants that selectively enhance serotonin neurotransmission. This finding suggests that antidepressants with high selectivity for serotonin transmission are applicable for treating depressive patients with feelings of guilt. On the other hand, anxiety was not related to mirtazapine efficacy. Further studies are needed to compare the efficacy for anxiety, as well as other clinical variables, between mirtazapine and other types of antidepressants, such as SSRIs and serotonin-norepinephrine reuptake inhibitors.

The discontinuation rate due to oversedation in the current study was 13.2%, and this result is consistent with the incidence reported in an earlier study.[@b19-ndt-12-2533] Neither patient age nor sex differed significantly between those with oversedation and those without oversedation, suggesting that mirtazapine may be tolerable for both male and female patients of all ages. There are some reports, however, of mirtazapine-induced delirium in older patients or patients with organic brain disorders,[@b20-ndt-12-2533],[@b21-ndt-12-2533] and thus attention should be paid to the incidence of delirium when using mirtazapine in older patients. The mean final dose of mirtazapine was significantly lower in patients with oversedation than in those without oversedation. An earlier study reported that adverse events were no more frequent or severe during the treatment that began at high dose of mirtazapine than at low dose, and the treatment that began at high dose had greater beneficial effects on sleep initiation and duration.[@b19-ndt-12-2533] In the current study, it is possible that some patients had lower dosage of mirtazapine in response to experiencing severe sedation at high dose.

The discontinuation rate due to jitteriness/anxiety syndrome was 11.8% in the current study, and this finding was within the wide range of the incident rate (from 4% to 65%) reported in earlier studies.[@b11-ndt-12-2533],[@b22-ndt-12-2533] There was no significant difference of patient age and sex between those with jitteriness/anxiety syndrome and those without jitteriness/anxiety syndrome, as well as oversedation. Hammad et al[@b23-ndt-12-2533] reported that the use of antidepressants in pediatric patients is associated with a modest increase in the suicide risk in their review of 24 placebo-controlled trials. Moreover, a recent study reported that the rate of suicide, attempted suicide, and self-harm associated with mirtazapine was higher than that with citalopram.[@b24-ndt-12-2533] In the current study, age was not associated with the incidence of mirtazapine-induced jitteriness/anxiety syndrome, and there was no incidence of suicide, attempted suicide, and self-harm. The wide range of the incident rate of jitteriness/anxiety syndrome would depend on sample size of each study, and additional prospective studies with large sample size are needed to examine the suicidality risk of mirtazapine considering the effects of age and sex.

Limitations
===========

This study was retrospective, and the data were extracted from patients' medical records. Therefore, we could not use clinical scales such as Hamilton Depression Rating Scale and Montgomery Asberg Depression Rating Scale for assessment, and the evaluation of remission and severity was based on the CGI-I and CGI Severity. We might have overlooked important clinical information because of the retrospective nature of our study. We carefully extracted each depressive symptom from the medical records exactly, and senior psychiatrists followed up all the patients, and therefore the information described in their medical records is considered accurate, which may minimize the effects of these limitations. The other limitations are as follows: the small sample size of the current study would have an effect on the results, and there is no placebo-controlled study to support our results.

Conclusion
==========

The absence of guilt and the presence of psychomotor retardation may predict the treatment efficacy of mirtazapine monotherapy, and mirtazapine may be tolerable for all ages. Further prospective placebo-controlled studies comprising a larger number of subjects are needed to validate the results of the current study.
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![Study flowchart.\
**Notes:** There were 72 patients with MDD who were treated with mirtazapine monotherapy, and four patients dropped out before the definition of remission. Among 68 depressive subjects, 25 were classified into the remission group, and the treatment efficacy rate of mirtazapine monotherapy was 36.8% (25/68). Oversedation and jitteriness/anxiety syndrome occurred only in the nonremission group, and their incidence was 13.2% (9/68) and 11.8% (8/68), respectively.\
**Abbreviations:** CGI-I, Clinical Global Impression Improvement; MDD, major depressive disorder.](ndt-12-2533Fig1){#f1-ndt-12-2533}

###### 

Demographic and clinical characteristics of subjects

  Characteristics                                      Remission group (n=25)   Nonremission group (n=43)   *P*-values
  ---------------------------------------------------- ------------------------ --------------------------- ---------------------------------------------------
  Demographic variables                                                                                     
   Age (years)                                         50.4 (±18.9)             48.3 (±17.5)                0.645
   Sex (male/female)                                   11/14                    19/24                       0.347
  Clinical variables                                                                                        
   Onset age                                           48.2 (±18.8)             45.9 (±17.1)                0.628
   Number of recurrent major depressive episodes \>2   4 (16.0%)                10 (23.2%)                  0.549
   Family history of MDD                               1 (4.0%)                 2 (4.7%)                    1.000
   Severity (mild/moderate/severe)                     6/15/4                   8/32/3                      0.377
  Pharmacologic variables                                                                                   
   Duration of mirtazapine monotherapy (week)          10.2±6.3                 4.8±6.6                     0.002[\*](#tfn2-ndt-12-2533){ref-type="table-fn"}
   Dose of mirtazapine (mg)                            27.6±13.5                26.0±141                    0.642
  Depressive symptoms                                                                                       
   Somatic symptoms                                    12 (48.0%)               19 (44.2%)                  0.760
   Appetite loss                                       22 (88.0%)               32 (74.4%)                  0.226
   Insomnia                                            23 (92.0%)               39 (90.7%)                  1.000
   Feelings of guilt                                   3 (12.0%)                16 (37.2%)                  0.029[\*](#tfn2-ndt-12-2533){ref-type="table-fn"}
   Suicidal ideation                                   4 (16.0%)                8 (18.6%)                   1.000
   Psychotic symptoms                                  0 (0%)                   4 (9.3%)                    0.289
   Anxiety                                             12 (48.0%)               28 (65.1%)                  0.167
   Psychomotor retardation                             20 (80.0%)               24 (55.8%)                  0.065
   Agitation                                           3 (12.0%)                9 (20.9%)                   0.513

**Notes:** Data presented as mean ± standard deviation unless otherwise indicated.

*P*\<0.05.

**Abbreviation:** MDD, major depressive disorder.

###### 

Predictors of the treatment efficacy of mirtazapine monotherapy

  Predictor                 OR[a](#tfn5-ndt-12-2533){ref-type="table-fn"}   95% CI        *P*-value
  ------------------------- ----------------------------------------------- ------------- ---------------------------------------------------
  Severity                  0.45                                            0.16--1.10    0.08
  Feelings of guilt         0.15                                            1.66--37.24   0.006[\*](#tfn4-ndt-12-2533){ref-type="table-fn"}
  Psychomotor retardation   4.26                                            1.30--16.60   0.016[\*](#tfn4-ndt-12-2533){ref-type="table-fn"}

**Notes:**

*P*\<0.05.

Calculated by multiple logistic regression analysis using independent variables selected by the stepwise method based on Akaike's information criterion.[@b12-ndt-12-2533]

**Abbreviations:** CI, confidence interval; OR, odds ratio.

###### 

Confounding factors of the discontinuation rates in mirtazapine monotherapy due to oversedation and jitteriness/anxiety syndrome

  Characteristics                  Oversedation (+) (N=9)                       Oversedation (−) (N=59)                       *P*-value
  -------------------------------- -------------------------------------------- --------------------------------------------- ----------------------------------------------------
  Age (years)                      37.4±19.3                                    50.8±17.2                                     0.078
  Sex (male/female)                2/7                                          28/31                                         0.280
  Dose of mirtazapine (mg)         14.2±7.0                                     28.5±13.6                                     0.0005[\*](#tfn8-ndt-12-2533){ref-type="table-fn"}
  Combined use of benzodiazepine   3 (0.33%)                                    36 (0.61%)                                    0.156
                                                                                                                              
                                   **Jitteriness/anxiety syndrome (+) (N=8)**   **Jitteriness/anxiety syndrome (−) (N=60)**   ***P*-value**
                                                                                                                              
  Age (years)                      51.8±13.6                                    48.7±18.5                                     0.579
  Sex (male/female)                3/5                                          27/33                                         1.000
  Dose of mirtazapine (mg)         19.7±12.0                                    27.5±13.9                                     0.121
  Combined use of benzodiazepine   5 (0.63%)                                    34 (0.57%)                                    1.000

**Notes:** Data presented as mean ± standard deviation unless otherwise indicated. (+) Present; (−) absent.

*P*\<0.05.
